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vary in time, so that a configuration of gain in the transmission and reception amplifiers may 
be adequate at a given moment, only to become inadequate a few moments later due to a 
change produced by the behaviour of the network. 

[0005] On the other hand, users in a communication system over the electricity 

network see a different channel depending on their position in relation to the head-end, so 
that a fixed configuration cannot be used for gains in the corresponding amplifiers when the 
user is connected to the system. 

[0006] The electricity network behaves as a selective communications channel (being 

able to attenuate some carriers more than 80dB with respect to others, or to put it another 
way, to have a dynamic margin greater than 80dB). Line noise is also variable (that is, the 
same noise power is not always measured in reception) and various impulse noises are 
present. Therefore, conventional systems of automatic gain control are not adequate to be 
applied to a communication system over the electricity network, where it is' necessary to 
undertake intelligent gain control. 

[0007] A relevant background art can be found in document WO94/03002, which 

discloses a system utilizing adaptive frequency-hopped spread spectrum modulation to 
communicate over noisy communications channels is described. Individual packets of data 
are transmitted with FSK modulation using two frequencies chosen from a larger set. An 
error coding system is used in which data on the quality of reception at each network 
transceiver is used to alter the gain of the receiver, the bit rate of the transmission, and the 
specific frequencies employed by the network for the purpose of optimizing communication 
in error rate. A Master transceiver, controlling network management, transmits channel 
control information to other transceivers on the network, enabling system synchronization, 
acquisition of an existing network by new subscribers. Each transceiver comprises a 
frequency controlled carrier generator, a pair of digital detectors each having a frequency 
controlled bandpass filter microprocessors for control and broad band coupling networks for 
coupling the transceiver to a communications channel. 
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DESCRIPTI ON OF THF INVENTION 

[0008] To achieve the objectives previously indicated, the invention as claimed 

composes a system of automatic gain control for a digital OFDM transmiss.on system over 
the electricity network, where various user kits and a head-end kit are in two-way 
communication over said network, with independent control in both the upstream channel 
wh,ch runs from the user kits to the head-end, and the downstream channel, which runs from 
the head-end to the user kits; where the division of the electricity network for both the 
upstream and downstream channels occurs by means of frequency division duplexing (FDD) 
and/or t.me division duplexing (TDD); where a signal with non-constant envelope is 
transmuted in virtue of the OFDM modulation (orthogonal frequency division multiplexing) 
used; where amplifiers are included to act on gains in transmission and reception; and with 
the possibihty of using various combinations of head-end and user kits, reusing the same 
frequencies and time, where access to the upstream and downstream channels occurs by 
means of OFDM/TDMA multiplexing (orthogonal frequency division multiplexing and /or 
time division multiplexing. 

[0009] The novelty in the invention is the system for automatic gain control that 

comprises: 

- carrier by carrier treatment of the corresponding emission signals to pre- 
compensate the effects that a frequency 

selective channel such as the electricity network has on the signal before 
transformation to the time domain where the average power of the signal is fixed 

- earner by carrier treatment of the signals in reception in the frequency domain 
where the compensator of the effect of the channel block carries out a scaling of 
the received signal and the correction elements of the signal in frequency 
representing by a floating point the compensated signal and fixing the number of 
b.ts of the mantissa to obtain a determined maximum precision (or signal/noise 
rat,o) defined by the carrier, thanks to which the memories that store the 
compensation elements of the effect of the channel may be reduced, reducing the 
complexity of the operations in the frequency domain by fixing the number of bits 
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of the mantissa to treat a greater dynamic range in the reception signals, and 
amplify to the maximum the signal that enters the ADC without producing 
overflows in the previous blocks to the frequency treatment, 

control of transmission power for the various kits so that the power from various 
users is received with the same level and to be able to use analog/digital 
converters of few bits, 

control of transmission power to ensure that the signals sent by the users to the 
head-end do not interfere in the functioning of other groups of head-end and users 
that may be using the same frequencies and times. 

[0010] With these essential characteristics, the automatic gain control system of this 

invention achieves that : 

Maximum transmission capacity is reached, 

A maximum number of users are reached by means of reusing frequency and 
time. 

Signals from nearby or distant users ( in terms of electric cable length or 
attenuation) are admitted without deterioration of signal to noise ratio or 
transmission capacity, 

The production of overflows in the system mechanisms that would result in a loss 
of transmission capacity is avoided. 

The use of frequencies regulated by Law or that produce interferences with other 
systems of communication are avoided. 

Maximum average power in the frequency range available for the communication 
is introduced, and 

The number of bits necessary for the analog/digital conversion in reception is 
minimized. 

[0011] The automatic gain control for the downstream adjusts both the gain in the 

transmitters of the head-end kit as well as the gain of the receivers of the user kits, adjusting 
gain in the head-end before adjusting reception gain in the user kits, so that maximum 
average power in the range available for the communication is introduced without producing 
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overflows in the system converters with the objective of maximizing transmission capacity. 

[0012] The automatic gain control of the downstream diminishes the gain in the 

receivers of the users in case the number of overflows produced in the ADC receiver 
surpasses a certain limit, because these overflows produce a reduction in the S/N ratio and, 
this causes a deterioration in transmission capacity. 

[0013] Also, in the downstream this system of automatic gain control increases the 

gain in the user receivers in case overflows are not produced in the ADC receiver during a 
determined time window, so that the quantification noise does not limit the S/N in 
comparison with the amplified line noise. 

[0014] A possible implementation of the corresponding algorithm of automatic gain 

control for the downstream channel is based on the control of aspects such as the number of 
overflows (saturations in the ADC receiver) produced during a certain time window and the 
equalization weights so that, if the number of overflows in the time window is greater than a 
certain threshold, gain in the receiver is reduced, while if this threshold is not surpassed for 
the whole window and the equalization weights indicate that the signal may increase power 
without producing overflows, gain in the receiver is increased; and if neither of these cases 
arise, the system is considered to be running at optimum level and gain in the corresponding 
amplifiers is not modified; a system to monitor the value of the gain is always used so as to 
avoid the production of oscillations in the gain and periodical verification that an increase in 
gain in reception does not improve the signal/noise ratio. 

[0015] In the upstream connection, the automatic gain control system of this 

invention adjusts both gain in the head-end receivers as well as gain in the user emitters, 
adjusting gain in the head-end kit (in reception) before carrying out the adjustment in gain in 
the emitters in the user kits, with the objective of avoiding deterioration of S/N due to 
overflows and the quantification noise of the ADC in the head-end kit. 

[0016] Furthermore, for automatic gain control presented herein, reception gain in the 
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head-end kit is fixed in function of the noise on the line in the downstream channel, so that 
the head-end kit measures the power of the noise and adjusts the gain , with the objective 
being that quantification noise of the ADC does not limit the S/N in comparison with 
amplified line noise and so as to use a converter with a reduced number of bits. 

[0017] The noise measurement mentioned in the previous paragraph is undertaken 

when the head-end uses DFT (Discreet Fourier Transform) on the received signal when no 
user kit is transmitting, it being able to estimate line noise by increasing gain in reception and 
comparing the exit of said DFT with a certain threshold when no user kit is transmitting. 

[0018] Another means of undertaking this noise measurement can be starting from the 

error signal supplied by the reception equalizer in the head-end and from the known gains of 
the transmission and reception amplifiers, while some users are transmitting. 

[0019] For the upstream channel the gain control of the emission amplifiers in the 

user kits occurs in open and/or in closed loop so as to maximize transmission capacity and 
reduce the number of bits necessary for the conversion in the ADC over the whole signal 
range: 

in open loop control, by means of the power received in the down stream channel 
the quantity of power that should be transmitted by the upstream channel is 
estimated; 

in closed loop control, the head-end kit receives the signal from the user kit and 
measures its power in reception, as well as if it produces overflows in the 
corresponding ADC; and starting from this measurement indicates to the user kit 
if it should increase or decrease the emission gain amplifier, preferably by sending 
control messages. 

[0020] A possible implementation of the gain control algorithm in the upstream 

channel consists of the following: 

firstly, the number of overflows in the time window are evaluated and if 
this value is greater than a maximum permitted threshold, the gain is 
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lowered; 

- to determine which gain should be reduced (emission by the user kits or 
the reception in the head-end kit) the information given by the weight 
equalizers is used to distinguish if the overflows have been produced due 
to the information signal sent b y the user ( in which case the head en kit 
indicate to the user kit to lower the emission level) or if they are due to line 
noise ( in which case it will the head-end kit that will reduce gain in 
reception); 

- gain increase, which is only used when no reasons exist to diminish gain, 
so that this gain increase occurs in the user kits only when it will not lead 
to overflows; 

- whatever the case a system to monitoring the value of the gain to avoid 
oscillations is always used; 

- at certain times (that are sufficiently spaced apart) the communication line 
is monitored to check that the fixed value for gain in reception was correct 
(impulse noise on the network may provoke an inadequate adjustment) and 
if necessary this value is modified. 

[0021] To optimise gain control carrier by carrier treatment of the corresponding 

emission signals is used to compensate in advance for the effect of the channel on the signal, 
by means of increasing the power in the carriers that suffer more attenuation on being 
transmitted by the channel and decreasing the power in the carriers that are transmitted in the 
channel with less attenuation, so that average transmission power is maintained and 
transmission capacity can be increased without producing overflows in the treatment of the 
signal in time or in the analog/digital conversion. 

[0022] Once of the carrier by carrier treatments can be a gradual attenuation in 

transmission and includes the elimination of carriers whose frequency position coincides with 
frequencies whose use is regulated by Law, with frequencies that interfere with other 
communication devices, with intermediate frequencies used in television and other electronic 
devices, with radio amateur frequencies, among others, and where the selection of carriers is 
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configurable in real time according to the communication necessities of the system at each 
moment. 

[0023] To optimise gain control, carrier by carrier treatment of the corresponding 

signals in reception occurs once the signal is in the frequency domain, and involves the 
compensator block which compensate for the effect of the channel on the received signal, 
scaling both the received signal in each carrier according to the level estimated for the same 
as well as the values of the frequency corrector elements used on the signal, so that it is 
possible to work only with the reception mantissa in floating point (mantissa exponent) of the 
received signal and finally the number of bits of this mantissa are fixed according to the 
maximum precision ( or signal/noise ratio) of the carrier; with the objective of representing 
the signal with a large dynamic range (that is signals with very high or very low power) by 
means of a very few number of bits, reducing the size of the memories used to store the 
operations in the frequency domain (to have a reduced number of bits in same) and amplify to 
the maximum the signal at the entrance to the analog/digital conversion without producing 
overflows in the blocks previous to the treatment of the signal in the frequency domain 
carrier by carrier, receiving the carrier with greater attenuation limited in signal/noise ratio in 
reception by the noise on the line and not by the quantification noise of the A/D converter, 
and at the same time, receiving the carrier that is less attenuated by the line and amplified 
before the conversion without producing overflows on being conveniently scaled so that they 
can be treated by the frequency blocks with the same number of bits in each operation as for 
the carriers with greater attenuation. 

[0024] In the scaling process mentioned, the signal mantissa is obtained on 

multiplying the signal received by the representation exponent of the floating point 
representation of the equalization weights and where this exponent updates itself in the 
equalization training phase in the grid carriers if the data sent is directed to another user and 
in all carriers when the data sent is directed to our user, so that the probability of an scale 
error due to the multiple impulsive noises that affects communication over the electricity 
network is reduced. 
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[0025] The coexistence of various groups of head-end and users in communication 

with the former, using the same frequencies and times (reusing frequency and time) is 
achieved by means of controlling transmission gains in these kits, while the means of 
controlling reception has been described previously, so that the various head-end kits 
communicate between themselves to take co-existence decisions. 

[0026] Another possibility of achieving the coexistence of various groups of head-end 

and users in communication with the former, using the same frequencies and times (reusing 
frequency and time) is achieved by means of controlling transmission gains in these kits, 
while the means of controlling reception gains is achieved by the means previously described, 
so that a principal head-end kit exists that uses different frequencies and/or times for 
communication with its users, and is responsible for ensuring coexistence between the 
various groups of kits that reuse the same frequencies and times and it is capable of 
communication with the head-end of each group. 

[0027] To optimise the gain control result when there are various groups of head-end 

and users reusing the same frequencies and times, transmission gains are modified carrier by 
carrier, or (because this implies an increase in cost), the average signal/nose ratio in 
frequency is estimated considering carriers with greater signal/noise ratio than those with 
less, and this result is used to achieve the modifications in transmission gains. 

[0028] The coexistence of various groups of head-end and user kits using the same 

range of frequencies and time for the communications, is possible due to: 

power control in the corresponding signal emission means in both 
communication channels, downstream and upstream; 

a network topology where the signals from all the user kits first pass by the 
head-end kit corresponding to their group before arriving to the kits that 
make up another group; and 

measuring attenuation between the head-end kits (that reuse the same 
frequencies and times) by sending information between these head-end 
kits, or by means of communication with a principal head-end kit, so that 
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this measure is used to adjust the maximum transmission power possible 
for the user kits. 

[0029] For the downstream channel all the head-end kits emit at the maximum power 

possible for communication over the electricity network, so that the maximum value for the 
signal/noise (S/N) ratio in the user receptors will be limited by the attenuation between the 
head-end kits that reuse the same range of frequencies and times, while if there is a principal 
head-end (that uses another range of frequencies and /or times), it will be this principal head- 
end kit that will be responsible for adjusting the different gains required in the various head- 
end kits by means of channel control and preferably by means of control messages. 

[0030] To guarantee the coexistence of various groups of kits that reuse the same 

frequencies and times in the upstream communication channel, transmission gain in the user 
kits is adjusted so that the level of signal power that reaches the head-end of another group 
(and that would be an interference for this group) is comparable to the level of noise on the 
line. 

[0031] For the upstream communication channel, the head-end kit detects the power 

that arrives from one of its users and decides if the gain should be increased or decreased, 
later communicating this information to the user kit involved preferably by means of control 
messages; the head-end taking the corresponding decision by means of using the estimated 
value of the signal/noise ratio considered in frequency, prior values of said estimate and an 
estimation of noise. 

[0032] The system described presents the possibility of achieving intelligent and 

efficient automatic gain control over a problematic communication means such as the 
electricity network, where said invention comprises the following advantages: it reaches 
maximum transmission capacity; it reaches the maximum number of users by means of 
reusing frequency and time; it admits signals from nearby or distant users; it avoids the 
production of overflows in the system mechanisms; introduces the maximum average power 
in the range available for the communication, and minimizes the number of bits necessary for 
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the analog/digital conversion in reception. 

[0033] The following drawings are provided to facilitate a better understanding of the 

present invention and while forming an integral part of the detailed description and the 
claims, they offer an illustrative but not limited representation of the principles of this 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Figure 1.- Schematically represents an example of the topology of a system 

that uses the automatic gain control described in the present invention. 

[0035] Figure 2.- Schematically represents the effects on the signal coming from the 

digital/analog converter in the transmitter to the analog/digital converter in reception in a 
communication system over the electricity network that may use automatic g^in control as 
represented in this invention. 

[0036] Figure 3.- Schematically represents the levels of power in reception in a 

communication system over the electricity network using the automatic gain control 
represented in this invention. 

[0037] Figure 4.- Schematically represents the decrease in gain in case of overflow in 

the communication system over the electricity network and suitable to incorporate the 
automatic gain control as represented in this invention. 

[0038] Figure 5.- Schematically represents the increase in gains in reception in a 

communication system over the electricity network and suitable to incorporate the automatic 
gain control as represented in this invention. 

[0039] Figure 6.- Schematically represents a logical topology with various head-ends 

in a system using the automatic gain control of this invention. 
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[0040] Figure 7.- Schematically represents a physical topology with various head- 

ends in a system using the automatic gain control of this invention. 

[0041] Figure 8.- Schematically represents the interference between various head- 

ends in the downstream channel of a communications system over the electricity network that 
uses the automatic gain control of this invention. 

[0042] Figure 9.- Schematically represents interference in the upstream channel of a 

communications system over the electricity network that uses the automatic gain control of 
this invention. 

DESCIRPTION OF AN EMBODIMENT OF THE INVENTION 

[0043] (15 to 29) Hereafter follows a description of a preferred embodiment of the 

invention, where the numeration used refers to the numeration on the drawings. , 

[0044] The system of automatic gain control for. digital OFDM multi-user 

transmission over the electricity network is applied in a communication system over the 
electricity network which has a multi-user topology where the head-end or central 1 transmits 
information to multiple user kits 2 and receives information from them as represented in 
Figure 1. 

[0045] This head-end transmits a broadband signal at maximum power, with non- 

constant envelope and high (peak to average ratio, that is the relationship between the value 
of signal voltage peaks squared and the average square value of the same signal). These 
characteristics are due principally to the OFDM modulation. 

[0046] Automatic gain control is a process that acts on transmission and reception 

gain in the head-end 1 and in the user kits 2 , with the objective of achieving that signal 
power will be sufficient to maximize the transmission capacity of the system. The present 
example consists of an independent automatic gain control for the downstream channel and 
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for the upstream channel in the system. 

[0047] The analog/digital converter (ADC) is the block that is most limited at the 

time of taking decisions on automatic gain control. This converter has a certain number of 
bits for the conversion and furthermore, a maximum entry voltage from which overflows are 
produced. This is the same as saying that the converter produces less quantification noise 
when more conversion bits are used in the corresponding ADC. 

[0048] The system in this example uses an ADC with a sufficient number of bits to 

correctly demodulate the OFDM signal (since this is one of the most costly components, the 
minimum of bits to correctly demodulate the OFDM signal with the maximum number of bits 
per carrier supported in each constellation are used). These converters in general have a range 
that is less than that of the line, or put in other terms, produce quantification noise above the 
level of background noise on the electricity line so that in the majority of cases it is this 
quantification noise that limits the S/N ratio. Figure 2 demonstrates the effect that the channel 
has on the corresponding signal, where a signal 3 comes from the time treatment blocks of 
the corresponding transmitter to arrive at a converter DAC. This signal, having left said 
converter, is affected as it travels the channel as represented in Figure 2, and arrives at a 
converter ADC whose exist signal 4 goes to the time treatment blocks in the corresponding 
receiver. 

[0049] In Figure 2, one may observe how the signal emitted suffers distinct changes 

before arriving at the receiver at the other end. In said Figure, it is supposed that the DAC 
and ADC converter blocks are ideal, so that quantification noise in these mechanisms is 
independently added as extra noise. Furthermore, the channel affects the signal in two ways: 
multiplying it by an attenuation and a phase a c e Jfc that can vary from carrier to carrier and 
adding additive noise to the signal. In mathematical form the received signal will be: 

Y= r+n ADC (l) = (x+n DAC (t)).a c e jfc + ni nea (t)+n ADC (l) 



[0050] 



Figure 3 shows average power of the signal measured in the time domain 
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(before realizing the corresponding DFT) for a determined band width along with the margins 
of the analog/digital converter of the receiver. 

[0051] In said Figure 3, power in dBm is shown on the vertical axis. The arrow 5 

represents the power margin for the PAR: The level 7 represents the saturation threshold of 
the ADC that is a fixed value chosen by the ADC selection. The level 8 represents 
quantification noise of the ADC, which is also a fixed value chosen by the ADC selection, 
and the level 9 represents noise on the line. The arrow 6 represents the maximum margin of 
the detectable S/N ratio with the converter ADC that corresponds to the difference between 
the levels 7 and the maximum between 8 and the 9. 

[0052] Changes in reception gain take into account the effects of the ADC converter. 

[0053] Receptor gain is lowered when the received signal arrives above the overflow / 

voltage threshold of the ADC. Amplifier gain in reception is lowered until it achieves that the 
maximum level for the signal is at saturation level for the ADC so that the maximum S/N 
range for the system is achieved. 

[0054] Figure 4 shows the decrease in gain in case of overflows. Part a of Figure 4 

shows the level of line noise in reception (N lnea ), the level of quantification noise in the ADC 
(N ADC ), the saturation threshold (UJ and the level of received signal. Following adequate 
attenuation due to the gain control system, represented by the arrow 10, one arrives at the 
situation shown in part b of Figure 4, that shows the variation in the levels, demonstrating the 
decrease in the level of the received signal. 

In mathematical form, it is: 
P^LU ideally G=U Ml -P<0 
S/N = (P r +G)-max(N ADC N lne a +G)=U^-N ADC 

[0055] On the other hand, positive amplification in the receiver is also limited by the 

presence of the analog/digital converter. On amplifying the received signal not only are we 



15 



increasing the desired signal sent to the other extreme of the communication channel , we are 
also amplifying line noise added to the received signal while travelling the channel. The sum 
of both noises will be the limit of the S/N ratio in reception. When amplified line noise is 
sufficiently greater than ADC quantification noise, it will be this noise that will limit the 
signal/noise ratio in the receiver (which occurs when it is at least 12dB greater). Increasing 
the gain starting from this point will not lead to any improvement. When the difference 
between the power levels (in logarithm scale) in the quantification noise and amplified line 
noise is greater that 12db, one may assume that total noise will be approximately equal to 
amplified line noise, and beginning from this point no improvement will be produced in the 
signal/noise ratio on amplifying the gain in reception. 

[0056] In part a of Figure 5 the margin indicated by 11 indicates the signal/noise ratio 

detected in reception in the case of reception without amplification. Starting from the 
situation in part a, and following adequate amplification (represented by the arrow 12) one 
arrives at the situation depicted in part b, where the reference 14 shows the signal level 
following amplification, and the reference 15 shows the S/N ratio before amplification. 

[0057] However, if , starting from the situation in a excessive amplification takes 

place, that is grater than N ADC +12 Db-N Inea , which is represented by the arrow 13, one arrives 
at the situation shown in part c of Figure 5, where the reference 16 shows the signal level 
following amplification, while 17 shows the signal/noise ratio which does not improve in 
case the amplification is exactly equal to N ADC +12 Db-N lnea , because now the noise that limits 
the S/N is approximately equal to amplified line noise. 

In mathematical form, if: 

P^, ; ideally G=min(U Ht -P r ,N ADC +12Db-N In J 
Without saturatio S/N = (P r +G)-max(N ADC ,N, „ ea +G) =P -N, w 

If G>N ADC +12dB-N lneii 
S/N = (P r +G)-max(N ADC ,n LNEA +G)=P r -N Inea 



[0058] 



Automatic gain control for the downstream channels aims to maximize 
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transmission capacity from the head-end 1 to the user kits 2. 

[0059] As an mere example of embodiment and, in order to simplify the process of 

adjusting gains in transmission and reception, in the downstream link the system puts the 
maximum possible gain in transmission of the head-end 1 before adjusting gain in the 
receivers of the user kits 2. This is because a change made in the transmission by the head- 
end 1 would affect all the users 2, and using the maximum possible gain (limited by 
regulation) helps to achieve the largest possible coverage. 

[0060] Gain in the user receiver is adjusted as described in the previous point, that is, 

taking care that it does not produce overflows and injecting the maximum power in the range 
available (to maximize transmission capacity). 

[0061] A possible implementation of the automatic gain control algorithm to achieve 

both of the previous objectives is based in the control of various aspects of the system: 
principally, the number of overflows (in this case, saturations in the receiver ADC) produces 
during a certain time window and the weights of the signal on leaving the equalizer. If the 
number of overflows in the time window is greater than a certain threshold gain in the 
receiver is reduced, because this would deteriorate the S/N. If this threshold is not surpassed 
during the window and the equalization weights indicate that signal power can be increased 
without producing overflows, gain in reception is increased. If neither of these two cases 
apply, the system is at the optimum level and it is not necessary to modify amplifier gain. In, 
all cases a gain value monitoring system is used to avoid the production of oscillations in 
same by the automatic gain control. Furthermore, a check is also made to see that increase in 
reception gain does not improve S/N, which is at optimum value. 

[0062] On the other hand, automatic gain control for the downstream channel, adjusts 

both the receiver gain in the head-end 1 and the transmission gain in the user kits 2. In the 
same way as it happens for automatic gain control in the downstream channel, the gain in the 
head-end (this time in reception) is adjusted and fixed before adjusting transmission gain in 
the user kits, so as to avoid saturation and to allow good communication with each kit. 
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[0063] Reception gain in the head-end is fixed in function of line noise. For this the 

central kit or head-end measures this noise and adjusts gain so that amplified line noise does 
not surpass quantification noise in the analog/digital converter by more than 12 dB. 

[0064] There are ways in which the head-end 1 can make this measurement. The 

following are two possible implementations: 

a. When there are no users transmitting information, the central kit uses the DFT to 
measure noise on the line. 

b. Beginning from the error signal weights of the equalizer an estimation of the 
characteristics of the channel is made. The error signal of the equalizer algorithm 
is a good estimation of noise on the line because the power sent from the other end 
is a constant value. 

[0065] On the other hand, gain control in the transmission amplifier of the user kits 2 

is also undertaken. This control takes place in open and closed loop: 

In the open loop control the received power in the downstream link serves 
to estimate how much power should be transmitted by the upstream link. 
- In closed loop control, the head end kit 1 receives the signal from the users 
2 and measures its power in reception (as well as if it produces overflows 
in the ADC). Beginning from this measurement it tells the user kit 2 to 
increase or decrease transmission amplifier gain using the control channel 
(preferable by sending control messages). 

[0066] An example of a possible implementation of the gain control algorithm in the 

upstream channel follows. Firstly, the number of overflows in the time window is measured 
and if this value is greater that a certain threshold the value on exiting the equalizer is used to 
determine which gain must be reduced. 

[0067] To determine which gain should be reduced (that of transmission in the user 

kits or of reception in the head-end), the information given in the weights on exiting the 
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equalizer is used to distinguish if the overflows were produced as a result of the information 
signal sent by the user (in which case the head-end indicates to the user kit to lower its 
transmission) or if it is due to amplified line noise (in which case the head-end kit 1 will 
reduce gain in reception). Increasing gain only takes place if no reasons to reduce gain exist. 
Gain increase takes place in the user if no overflows are produced. 

[0068] In both cases monitoring the value of the gain takes place so as to avoid 

oscillations. 

[0069] From time to time (a sufficiently large time period) the line is monitored to 

check that the fixed value for reception gain is correct (impulse noise may cause an 
inadequate adjustment) and this value is modified if it is not correct. 

[0070] Automatic gain control is especially important to be able to apply OFDMA 

(multiple access orthogonal frequency division) without producing overflows in the various 
internal blocks. In this case, reception gain in the head-end 1 is fixed to maintain the S/N 
margin and since there are various users transmitting at the same time in different frequencies 
(signals from different users arrive in the same signal), reception gain in the head-end cannot 
be adapted to each one of these. Reception gain adapts to the greatest, and in the frequency 
domain (following DFT) carrier by carrier treatment is undertaken so as to maintain the S/N 
margin with the fixed gain and to reduce possible overflows. 

[0071] To optimise gain control in both channels, upstream and downstream, carrier 

by carrier treatment of the corresponding emission signals is undertaken. This treatment pre- 
compensates the effects of the channel (attenuating to a greater extent the carrier that will be 
less attenuated and vice versa. Furthermore, this carrier by carrier treatment can be used to 
gradually attenuate (in which case the carriers attenuated can continue to be used in the 
communication) or even eliminate (that is to say, no transmission by the eliminated carriers) 
the carriers whose frequencies are regulated by Law for use in other telecommunication 
systems (such as by radio amateurs), or for frequencies that may interfere with other 
communication equipment. The selection of which carriers will be attenuated or eliminated, 
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and the degree of attenuation (in this case) is configurable in each kit in real time, so that they 
comply with the installation standards for the system and with the communication needs for 
the system at each moment. A possible form of implementing this is by using a power mask 
which in transmission, involves the multiplication of each carrier by a determined coefficient. 

[0072] On the other hand, in reception, during equalization, the equalization weights 

are coded in floating point so that on leaving the FFT the signal can be scaled with the 
exponent calculated by the equalization weights. By multiplying the received signal by these 
exponents, that is by scaling, it is possible to work with the mantissa that has few bits. 

[0073] Figure 6 shows a logical topology for various head-ends 18 within the 

corresponding communication system over the electricity network. The use of multiple head- 
ends 18 allows the creation of head-end groups 18 plus users 2 so that it is possible to 
undertake independent communication between these two kits or to achieve that user kits that 
are situated at long distances for the principal head-end kit 1 ( in terms of length of electric 
cable of attenuation) can communicate. 

[0074] In order that the communication of the principal head-end kit 1 and that of the 

head-end kits 18 do not interfere with each other, different frequencies and/or times are used 
in both communications. A group of frequencies and time that can be used for 
communication with the system of the present description is called a "link". In each group 
time and frequencies are re used, that is the same times and frequencies are used in the 
transmissions by the head-end groups 18 and their users 2, so that the signals from one group 
may interfere or be interfered with by the signals of the other group. 

[0075] In one implementation of the invention, the "link" can consist of utilizing the 

frequencies situated between 1 and 5 MHz for the transmission, while another consists of 
transmitting between 5 and 10 Mhz. All the kits employ a "link" using one or these groups of 
frequencies and therefore may interfere with each other. 

[0076] Communication between the principal head-end kit 1 and the user kits 2 takes 
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place via a "link", while communication between the head-end kit 18 and its users occurs via 
another "link", thereby avoiding interference between the two communications. 

[0077] The head-ends of these groups 18 share the same "link", that is, they transmit 

using the same frequencies and times. For this reason the signal in the head-end 18 and its 
user kits 2 is interfered by another head-end 18 and its users 2, and vice versa. The topology 
of the electricity network can be used so as to situate a head-end of a group 18 and users 2 
sufficiently distant (in terms of length of electric cable or attenuation) so that the signals sent 
in both channels (upstream and downstream) do not produce high interference. 

[0078] Due to the presence of these interfering groups a reduction in the signal/noise 

ratio is produced in the upstream and downstream channels of the groups of head-ends 18 and 
their users 2. 

[0079] The novelty in this present system with regard to this point is the form in 

which the coexistence of various head-ends 18 of groups and their users 2 is allowed. For 
this we will base ourselves principally in controlling transmission power. 

[0080] Figure 7 shows an example of the physical connection between two distinct 

kits (over the electricity line) showing the location of the head-end kits 18 and the user kits 2 
in four different buildings 19 to 22. 

[0081] To undertake automatic gain control it is supposed that the signal sent by the 

user kits 2 arrives at a head-end kit 18 that it not of its group, it will have to travel a long 
distance and to pass the point on the network where it will connect with the head-end kit 18 
for its group. This is easily achieved with the topology of the electricity distribution network. 
For example, the head-end kits 18 can be located at the point of electricity input for the 
building and the user kits 2 within the building, as is shown in Figure 7. Coexistence between 
the groups of head-ends 18 and their users 2 is based on the fact that all the users 2 attached 
to a particular head-end 18 always pass by the point where this head-end 18 connects to be 
able to reach another head-end 18 that is not if its group. For this we measure attenuation 
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between the head-ends 18, something that can be done automatically by means of sending 
information between the head-end kits 18 and/or 1. This value serves to adjust the maximum 
transmission power for the users, as we have seen previously. 

[0082] In the downstream channel, the signal in the neighbouring head-end kit 18 

may get mixed with the signal from the head-end 18 in our group. This interference 
introduces noise of the type additive white gaussian noise in the system (due to the fact that 
the distribution statistics of the OFDM signal with approximately a thousand carriers 
modulated in M-QAM, is practically normal). The user receives both signals (that of its head- 
end and that of the neighbouring head-end ). The signal of the head-end 18 of our group will 
be attenuated proportionally to the distance from the user kit 2 to its head-end 18, while the 
signal of the "interfering" head-end 18 will be attenuated proportionally to the distance 
between the user kit 2 and the other head-end 18. If the "interference" is greater than noise on 
the line, the degradation in the S/N will be caused principally by this interference, so that the 
S/N will be the difference between the power of the signals, that is directly proportional to 
the attenuation existing between both head-end kits 18. 

[0083] Figure 8 shows the interference between head-endsl8 of different groups plus 

users 2 for the downstream channel. 

[0084] Mathematically the signal received by a user 2 from its head-end kit 18 will 

be: 

where S 2 is the signal power sent by the head-end 18 and L y the attenuation created principally 
by the distance that exists (the electricity line) between the head-end 18 and the user 2. On 
the other hand, the interfering signal ( sent by the head-end kit 18 of the other group) will be: 

P i= S,-L-L u 

where S, is the power of the signal sent by the head-end 18 of the other group and L the 
attenuation between the head-end kits 18. Normally this interfering power will be greater than 
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the quantification noise of the user ADC receiver, so that the S/N margin will be: 

S/N=P-max(N ADC , P i )=P r -P i =S r L u -(S r L-L u )=S 2 -S l +L 

[0085] All the head-end kits 18 transmit with maximum power ( to have reciprocal 

interference and maximize coverage), so that the maximum value of the S/N will be equal to 
the attenuation between the head-end kits (L). 

[0086] With more than two "links", the attenuation between the head-ends 18 may 

not be equal, because a head-end 18 can see the other groups with greater attenuation and 
may have greater gain. In this case the principal head-end kit 1 will be responsible for 
adjusting the gains by means of control messages (or another type of channel control). 

[0087] With respect to the upstream channel, the objective is that the signals that 

come from another head-end 18 of another group plus the users 2 arrive at our group (whose 
kits are from the same "link", that is using the same time and frequencies) with a level of 
power comparable to the level of background noise in the electricity distribution network. 

[0088] If the two power levels are equal, an increase of 3dB over the noise floor is 

produced which is considered to be an acceptable degradation in the upstream channel. 

[0089] As a consequence, the user kits 2 must adapt transmission gain to ensure that 

the signal that arrive at the head-end 18 of the other group will do so with power values that 
are less or equal to the detected line noise for this head-end 18. The detection takes place in 
the head-end 18 of each group and the users 2 of the group are informed using control 
messages ( or another type of channel control). Therefore, the adjustment takes place with a 
control in closed loop. This is demonstrated in Figure 9 where interference in the upstream 
channel is shown. 

[0090] The user kit 2 transmits a signal in the upstream channel with power S. This 

signal arrives attenuated at the head-end 18 of the group ( attenuation L,) and to the head-end 
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18 of the other group attenuated with this value plus the attenuation characterized between 
the head-ends 18 (S-L,-L 2 ). This signal is considered a noise for other groups ( that reuse the 
same frequencies and times) so the value of S is adjusted modifying the transmission of the 
user kit 2 in order that S-L,-L 2 will be at the noise floor level on the line. 

Mathematically the power interference will be: 

Pr=S-L r L 2 

And one may say that N <P; (if it is greater than noise caused by other factors such as ADC). 

[0091] To optimise the result, and because the channel does not have a 

uniform response in frequency, transmission gain must be changed carrier by carrier. Since 
this would increase costs substantially, one can take an average estimate of S/N in frequency 
using more often carriers with a greater S/N value than those with less. 

[0092] These operations take place in the head-end kit 18 corresponding to the group, 

which decides if the gains of the various users 2 of this group should be increased, decreased 
or maintained. Afterwards it communicates this information to the users 2 by means of a 
control channel (preferably by control message). To take this decision it uses the weighted 
value of the S/N estimation and previous values of this estimation. 



